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Abstract 

Background: Fish is an important cause of food allergy. Studies on fish allergy are scarce and in most cases limited 
to serological evaluation. Our objective was to study patterns of self-reported allergy and tolerance to different 
commonly consumed fish species and its correlation to IgE sensitization to the same species. 

Methods: Thirty-eight adult fish allergic patients completed a questionnaire regarding atopy, age of onset and 
symptoms to 13 commonly consumed fish species in the Netherlands (pangasius, cod, herring, eel, hake, pollock, 
mackerel, tilapia, salmon, sardine, tuna, plaice and swordfish). Specific IgE to these fish extracts were analyzed by 
ImmunoCAP. 

Results: Median age of onset offish allergy was 8.5 years. Severe reactions were reported by the majority of 
patients (n = 20 (53%) respiratory and of these 20 patients, 6 also had cardiovascular symptoms). After diagnosis, 
66% of the patients had eliminated all fish from their diet. Allergy to all species ever tried was reported by 59%. In 
relation to species ever tried, cod (84%) and herring (79%) were the most frequently reported culprit species while 
hake (57%) and swordfish (55%) were the least frequent. A positive sIgE (value > 0.35 kU/^/l) to the culprit species 
ranged between 50% (swordfish) and 100% (hake). In tolerant patients, a negative sIgE (value < 0.35 kUA/L) ranged 
from 0% (hake, pollock and swordfish) to 75% (sardine). For cod, the agreement between sIgE test results and 
reported allergy or tolerance was 82% and 25%, respectively. Sensitization to cod parvalbumin (Gad c 1) was 
present in 77% of all patients. 

Conclusion: Serological cross-reactivity between fish species is frequent, but in a significant proportion of patients, 
clinical relevance appears to be limited to only certain species. A well-taken history or food challenge is required for 
discrimination between allergy to the different fish species. 
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Background 

Fish is known for its potential to induce severe allergic 
reactions, ranging from mild local to severe respiratory 
or even cardiovascular symptoms [1-3]. It is one of the 
twelve foods for which labelling is mandatory in the 
European Union [4]. The current prevalence of fish al- 
lergy in the US and Europe is estimated to be 0.1-0.5% 
[5-7]. A multicenter study in emergency departments 
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suggested that 10% of food allergic reactions were 
caused by fish [8]. A review of published data showed 
that the prevalence of seafood allergy is higher in regions 
of the world were fish is more frequently consumed, for 
example in Malaysia, Thailand and Singapore [6]. Re- 
ported studies on fish allergy have mostly been restricted 
to serological evaluation [3,9-16]. 

Until recently, assessment of sensitization to fish was 
only based on the use of whole fish muscle extract. Sev- 
eral allergenic components in fish have been character- 
ized [17-22]. Parvalbumin has been described as a major 
fish allergen and can be found in great amount in the 
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fast skeletal muscles [17,20]. In cod, this 12 kDa allergen 
was first identified in 1968 and later named Gad c 1 
[17,20]. Parvalbumins have also been described in salmon 
(Sal s 1), mackerel (Sco a 1, Sco s 1 and Sco j 1), carp 
(Cyp c 1), pollock and several tropical fish species 
[17-22]. Previous studies have demonstrated the exten- 
sive serological cross-reactivity between cod and many 
other fish species, corroborating the widespread occur- 
rence and similarity of parvalbumin among these spe- 
cies [3,9-16]. For this reason, fish allergic patients are 
often advised to avoid all fish. In addition to parvalbumin, 
IgE antibody binding to a 41 kD cod protein (referred to 
as "Gad c 41 k" in this paper), identified as aldehyde phos- 
phate dehydrogenase (APDH) has been observed in a 
minority of fish allergic patients [21,22]. In addition to 
parvalbumin, the major fish allergen, other fish allergens 
have been isolated. Examples of these less well-known 
allergens are; the hormone vitellogenin from the Beluga 
caviar, collagen and gelatin isolated from the skin and 
muscle tissues of the fish [23-27] . 

Until now, it remains unclear to what extent observed 
serological cross-reactivity among different fish species 
is accompanied by clinical cross-reactivity. Evidence 
regarding clinical cross-reactivity between fish species is 
scarce and it is therefore possible that common recom- 
mendations to patients to avoid all fish may represent an 
unjustified and unnecessary dietary restriction. The aim 
of this study was to assess the relationship between IgE 
sensitization and self-reported allergic reactions to 13 
different fish species in a fish allergic population. 

Methods 

Patients 

Adult fish allergic patients (n = 43) were recruited from 
the outpatient clinic of the Department of Dermatology/ 
Allergology at the University Medical Centre Utrecht. 
Patients were included if they reported allergic symp- 
toms after ingestion of fish in combination with a positive 
challenge and/or sensitization; a sIgE level to cod > 0.35 
kUA/L and/or a positive skin prick test (SPT) to at least 
one of the tested fish species. Patients were excluded if 
they did not respond to the questionnaire. 

In addition, 15 fish tolerant atopic controls were in- 
cluded (5 birch and grass pollen allergic, 5 grass pollen 
allergic and 5 allergic to foods other than fish). The 
study was approved by Utrecht Medical Centre Utrecht 
Medical Research Ethics Committee. 

Skin prick test and food challenge 

SPT was performed in 13 patients (ALK-ABELLO, 
Nieuwegein, the Netherlands). As positive and negative 
controls, histamine dihydrochloride 10 mg/mL and glycerol 
diluent were used, respectively. A skin reaction > 3 mm 
than negative control was considered positive. Depending 



on each patient's history, SPT was performed with cod, 
hake, sardine, eel, sole, tuna, salmon, plaice, herring or 
whiting. 

Open fish challenges with tuna, cod, halibut and tilapia 
were performed in 4 patients with doses ranging from 5 
to 150 gram. The challenge was considered positive if ob- 
jective symptoms occurred; rhinoconjunctivitis, angioedema, 
urticaria, emesis, diarrhoea, hoarseness, dyspnoea, stridor 
and/or tachycardia. 

Questionnaire 

A standardized questionnaire was provided to all patients 
concerning general allergy characteristics and fish allergy 
in particular. Patients were asked to provide information 
on the species they tried, symptoms of intolerance and 
dietary avoidance of 13 fish species commonly consumed 
in the Netherlands (pangasius, cod, herring, eel, hake, 
pollock, mackerel, tilapia, salmon, sardine, tuna, plaice 
and swordfish). For our analyses, respiratory or cardiovas- 
cular symptoms were considered as severe and all other 
symptoms as mild. In addition, questions concerning 
other food allergies, atopic dermatitis, allergic rhinitis and 
asthma were asked. 

IgE reactivity 

sIgE to the whole extract of the 13 fish species mentioned 
above, as well as to rGad c 1 and nGad c 41 k were ana- 
lyzed by ImmunoCAP (Thermo Fisher Scientific, Uppsala, 
Sweden). Values > 0.35 kUA/L were considered positive. 
Gad c 41 k was purified essentially as described except 
that the ion exchange chromatography step was per- 
formed using Q Sepharose (GE Healthcare Life Sciences, 
Uppsala, Sweden) instead of hydroxyapatite and size 
exclusion chromatography on Superdex G75 was used as 
a final polishing step instead of preparative electrophoresis 
[22]. Experimental ImmunoCAP tests were prepared as 
described [28]. 

Statistics 

Descriptive statistics were presented as numbers with 
percentages or as median values with interquartile 
ranges. Differences between groups were analyzed with 
the Mann-Whitney U test. All analyses were performed 
with SPSS (version 16.0; SPSS Inc, Chicago). 

Results 

Patient characteristics and reactivity to fish, shellfish and 
other foods 

Forty-three adult fish allergic patients were first identi- 
fied on the basis of reported symptoms after the ingestion 
of fish, in combination with concordant sensitization 
(n = 39) or a positive challenge (n = 4). Thirty-eight of 43 
patients (88%) completed the questionnaire and were in- 
cluded in the study. Table 1 shows the clinical characteristics 
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Table 1 Patient characteristics 



Male 

Median age (yr) 

Asthma 

Allergic rhinitis 

Atopic dermatitis 

Other reported food allergies 

Peanut 

Hazelnut 

Walnut 

Shrimp 

Crab 

Lobster 



Total (n = 38) 



1 7 (45%) 
33 (17-71 
27 (71%) 
32 (84%) 
32 (84%) 

21 (55%) 

18 (47%) 
15 (42%) 

1 2 (32%) 
1 2 (32%) 
1 0 (26%) 



Data are presented as numbers and percentages or median values with 
interquartile ranges. 
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Figure 1 Number offish species eliciting symptoms vs. number 
of species ever consumed. The numbers in the graph represent 
the data points with multiple patients. 



of all study subjects. Their median age was 33 years and 
17/38 (45%) were males. Patients were highly atopic; 55% 
(21/38) of the patients reported a history of allergic asthma, 
allergic rhinitis and atopic dermatitis. The most frequently 
self-reported other food allergies were to peanut (55%), 
hazelnut (47%) and walnut (42%). 

Clinical symptoms and course of fish allergy 

The median age at which patients reported to have 
their first allergic reaction to fish was 8.5 years. All pa- 
tients reported oral symptoms during their most severe 
reaction, skin symptoms were reported by 68% (26/38), 
gastro-intestinal symptoms by 55% (21/38), respiratory 
symptoms by 53% (20/38) and of the 20 patients with 
respiratory symptoms 6 reported also cardiovascular 
symptoms. One patient reported only oral symptoms as 
most severe symptom. In the majority of patients (76%, 
n = 29), the reaction started within 5 minutes after in- 
gestion. After diagnosis, 25 of 38 (66%) patients elimi- 
nated all fish from their diet and 11 patients (29%) only 
avoided the species that had caused an allergic reaction. 
Two patients with a mild allergy to cod or tuna, result- 
ing in oral symptoms, did not eliminate any fish from 
their diet. Of the 25 patients that eliminated all fish from 
their diet, 16 reported severe symptoms (cardiovascular of 
respiratory). In contrast, 6 out of 11 patients that elimi- 
nated only the symptom giving species reported severe 
symptoms. 

Fish species eliciting allergic symptoms 

The number of fish species causing symptoms in relation 
to the number of species ever consumed in the study 
population is shown in Figure 1. Allergy to all fish spe- 
cies ever tried was reported by 20 (59%) and allergy to a 
single species by 7 (21%). Patients of the latter subgroup 



reacted to cod (n = 4), tuna (n = 2) or herring (n = 1). 
The remaining 7 patients (21%) reported allergy to more 
than one species but were able to eat other species with- 
out symptoms. The patients allergic to all species ever 
consumed had tried on average 7 species, whereas both 
the mono-allergic group and the group reporting allergy 
to several but not all fish ever consumed had tried on 
average 8 species. Two patients reported allergy to one 
species but had never tried other species. Two patients 
provided incomplete information. 

In relation to species ever tried, symptoms were most 
commonly reported to cod (84%) and herring (79%), and 
least commonly to tuna (58%), hake (57%) and swordfish 
(55%, Table 2). There was no correlation between sever- 
ity of symptoms and number of fish species eliciting an 
allergic reaction. In addition, no correlation could be ob- 
served between the severity of symptoms and species of 
fish causing the reaction. 

Sensitization profile to 13 different fish species and 
parvalbumin 

An extensive serological evaluation was performed in 32 
of the 38 patients while serum was lacking from 6 pa- 
tients. No significant differences were found between 
these 6 patients and the other 32 patients with regard to 
age, severity of reaction, age of onset and number of fish 
species consumed. 

Figure 2 shows the median levels and interquartile 
ranges of sIgE antibodies to 13 different fish extracts 
and the cod allergen components Gad c 1 and Gad c 
41 k of all 32 patients. In comparison to cod, with a 
median sIgE level of 6.4 k\J/^/L, significantly lower levels 
of sIgE were observed for tuna (1.0 kUA/L, P = 0.03) and 
swordfish (0.5 kUJU P = 0.003). The median level of 
sIgE to Gad c 1 (4.5 kUA/L) was comparable to that of 
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Table 2 Fish species eliciting allergic symptoms in 
relation to species ever tried (n = 38) 




Consumed* 


Allergic symptoms** 


Unknown 
If ever tried* 


Cod 


32 (84%) 


27 (84%) 


- 


Salmon 


30 (79%) 


20 (67%) 


- 


Eel 


22 (58%) 


1 7 (77%) 


1 (3%) 


Herring 


1 9 (50%) 


1 5 (79%) 


1 (3%) 


Pollock 


20 (53%) 


14 (70%) 


1 (3%) 


Tuna 


24 (63%) 


14 (58%) 




Mackerel 


16 (42%) 


11 (69%) 




Plaice 


18 (47%) 


11 (61%) 




Pangasius 


14 (37%) 


10 (71%) 


1 (3%) 


Tilapia 


1 5 (39%) 


10 (67%) 


1 (3%) 


Sardine 


1 5 (39%) 


9 (60%) 


1 (3%) 


Swordfish 


11 (29%) 


6 (55%) 


1 (3%) 


Hake 


7 (18%) 


4 (57%) 


3 (8%) 



Data are presented as numbers and percentages. 
*Percentage of all included patients n = 38. 
**Percentage of consumed. 

whole cod extract whereas Gad c 41 k only showed weak 
IgE binding in a few patients' sera (median 0.2 kU^/L). 

Median sIgE levels in the allergic versus the non-allergic 
patient group, species by species, are listed in Table 3. 
Patients were considered non-allergic if they had eaten 
the specific fish species without symptoms. Although a 
trend of higher sIgE values to most fish extracts was 
seen in the allergic group, no significant differences 
were observed. In addition, no significant differences in 
sIgE levels to specific fish extracts were found between 
subjects with self-reported mild or severe allergic reac- 
tions (data not shown). 

Discrimination between allergy to different fish species 

Cod sIgE > 0.35 kUA/L was present in 18 of 22 patients 
reporting allergy to cod of whom serum could be 




Figure 2 Median values and interquartile ranges of sIgE to 13 
different fish species (n = 32). * = P < .001, *» = P < .05. 



analyzed and in 3 of 4 fish allergic patients that reported 
tolerance to cod, corresponding to a sensitivity of 82% 
and an inter-species specificity of 25% (Table 3). 

When using the same cut-off value of > 0.35 kU/L, the 
sensitivity of sIgE to individual fish extracts ranged be- 
tween 50% for swordfish and 100% for hake (Table 3). It 
should be noted however, for both species there were 
only a few allergic patients. Inter-species specificity 
ranged between 0% for hake, pollock and swordfish and 
75% for sardine. sIgE to Gad c 1 was recognized by 77% 
of all fish allergic patients. In regard to the fish tolerant 
atopic control group (n = 15), specificity values ranged 
from 87% for pollock to 93% for herring, mackerel, 
pangasius and sardine (Table 3). 

SPT data were available for 13 patients included in this 
study. Cod was the only fish species that was tested in 
all those 13 patients and median wheal diameter was 
7.5 mm (IQR 1.8 - 10.0 mm). There was no significant 
difference between patients with cod allergy (n = 8) and 
patients who tolerated cod (n = 3): 8.5 vs. 2.0 mm, P = 
0.19. Two patients reported they had never eaten cod. 
The SPT with cod had a sensitivity of 75% (6/8) and an 
inter-species specificity of 33% (1/3) when using a cut- 
off value > 3 mm. Too few observations were available 
for statistical analysis of SPT results for the other fish 
species. 

Discussion 

This study described clinical characteristics in combin- 
ation with sIgE to different fish extracts within a large 
adult fish allergic population. Other studies describing 
fish allergic populations mainly focused either on sero- 
logical evaluation or clinical symptoms, described small 
populations, focused on other serological markers or 
were performed in children [3,9-22,29-33]. The present 
study focused on the pattern of self-reported allergy and 
tolerance to different commonly consumed fish species 
and its correlation to IgE sensitization to the same fish 
extracts. 

The median age of onset of fish allergy in our popula- 
tion was 8.5 years. This is relatively high in comparison 
with a study of Connett et al, which was performed in 
Singapore and the Philippines [34]. This can be attrib- 
uted to the higher age at which fish is typically intro- 
duced in children's diet in Europe. In Asian diets, the 
first intake of seafood seems to be very early in life, with 
an average of 7 months [35]. 

More than half of the patients reported severe symp- 
toms to fish. This is in line with a study of Sicherer et al., 
who performed a random telephone survey on fish allergy 
in the United States [5] . Dyspnoea or throat tightness was 
reported by 50% in that study. Connett et al. reported that 
in the Philippines, 16% of the children with fish allergy 
experienced throat tightness, 11% wheezing and 8% loss of 
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Table 3 Median specific IgE levels in allergic vs. non-allergic patients (n = 32*) 





AllGT^ic p3ti6nts 
sIgE kU/L (IQR) 


Non-3ll6rgic patients** 
sIgE kU/L (IQR) 


P-V3lu6 


Se 


Sd 


Atopic controls (n = 
sIgE (IQR) kUft/L 


15) 

Sp*** 


Cod 


9.2 (0.8-17.4) 


0.9 (0.3-3.4) 


0.16 


82 


25 


0.03 (0.01-0.06) 


93 


Salmon 


2.9 (0.5-21.3) 


1.6 (0.4-3.1) 


0,41 


81 


25 


0.01 (0.00-0.20) 


93 


Eel 


0.7 (0.1-22.1) 


0.5 (0.1-2.7) 


0,71 


63 


50 


0.00 (0.00-0.03) 


93 


Herring 


6.0 (0.4-43.7) 


6.2 (0.3-7.5) 


0,61 


79 


67 


0.00 (0.00-0.09) 


93 


Pollock 


6.9 (1.0-32.5) 


1 .5 (0.8-6.0) 


0,52 


69 


0 


0.01 (0.00-0.10) 


87 


Tuna 


7 0 (C)l-A7) 

A.iJ yJ. 1 ^ ■ i j 


0 7 fO 0-9 71 


0,50 


67 


43 


0 02 rn 01 -0 071 


93 


Mackerel 


0.5 (0.0-14.7) 


0.3 (0.0-1.6) 


0,43 


64 


50 


0.01 (0.00-0.04) 


93 


Plaice 


0.9 (0.1-24.2) 


04 (0.1-2.7) 


0,44 


67 


50 


0.02 (0.01-0.07) 


87 


Pangasius 


5.0 (0.7-26.8) 


0.3 (0.1-1.0) 


0,12 


89 


67 


0.00 (0.00-0.05) 


93 


Tilapia 


0.9 (0.0-31.5) 


04 (0.1-3.1) 


0,59 


67 


60 


0.01 (0.00-0.04) 


93 


Sardine 


7.9 (0.1-4.7) 


1.0 (0.2-2.2) 


0,54 


56 


75 


0.01 (0.00-0.04) 


93 


Swordfish 


1 .3 (0.0-64.4) 


0.9 (0.4-4.6) 


0,72 


50 


0 


0.05 (0.03-0.10) 


87 


Hake 


18.9 (0.7-92.3) 


2.1 (0.4-3.7) 


0,36 


100 


0 


0.04 (0.03-0.20) 


87 



IQR, interquartile range; Se, Sensitivity: Sp, Specificity. 

*Only patients of whom serum was analyzed (32 of 38 patients). 

**Patients were considered non-allergic if they had eaten the specific fish species without symptoms. 
***Specificity when only analyzing the atopic control group. 



consciousness [34]. A clear limitation of our study was 
that symptoms to the 13 specific fish species were based 
on self-reported symptoms. However, allergy to at least 
one fish species was diagnosed and confirmed by a phys- 
ician in all patients. 

In the adult fish allergic population studied here, only 
59% of the patients reported a reaction to all fish species 
ever tried, indicating that a considerable proportion of 
the patients tolerated one or more species. This is con- 
sistent with data from other studies [9,10,35] and it has 
been suggested that differential clinical reactivity to 
various fish species could be related to their content 
of parvalbumin [17-22]. In contrast, one study de- 
scribed a patient with an isolated allergy to swordfish 
whose IgE antibodies bound to a swordfish specific al- 
lergen but not to parvalbumin [36]. This observation 
suggests that, apart from parvalbumin, species specific 
fish determinants may exist and play a role. Another 
possibility for the cross-reactivity is earlier empha- 
sized by Kuehn et al. [15]. They reported that there 
might be other proteins as enolases, aldolases and fish 
gelatin, which might contribute to serological cross- 
reactivity. 

In our study, however, we found no significant differ- 
ence in occurrence or concentration of sIgE to Gad c 1 
between patients with allergy to a single species, several 
species or all species ever tried. 

Diagnostic tools for evaluating adult fish allergic pa- 
tients in daily clinical practice are sIgE tests and SPTs. 
In this study, we found that median levels of sIgE to most 
fish extracts were not significantly different compared to 



cod, which is most often used in diagnostics. Two excep- 
tions were tuna and swordfish, to which significantly 
lower sIgE levels were observed. This might be related to 
the lower IgE reactivity to the major allergen parvalbumin 
in the patients allergic to tuna and swordfish. Another 
possible explanation is that parvalbumin is structurally 
different or less abundant in tuna as compared to other 
fish species [3,12-16]. 

Our results demonstrated that sIgE to different fish 
extracts did not correlate well to reported allergy or 
tolerance to those species among the patients of the 
fish allergic population studied. Thus, it appears that 
serological cross-reactivity between fish species is not 
necessarily associated with clinical cross-reactivity. 
Available data for SPT were incomplete but indicated 
that also skin test results did not provide for discrimin- 
ation in regard to fish species. This would suggest that 
assessment of sensitization to different fish species in 
patients already diagnosed with allergy to one fish spe- 
cies does not provide enough information regarding 
allergy or tolerance to these specific species. Therefore, 
a well-taken history is essential. We would like to 
emphasize that the role of sIgE in diagnosing fish al- 
lergy in general was not studied. Such a study would 
need another design. However, the low frequency of de- 
tectable IgE in the fish tolerant control group demon- 
strated high specificity of sIgE testing when used as a 
diagnostic tool for fish allergy in general. 

The strength of this study was that the fish allergy of 
all patients was thoroughly evaluated by a standardized 
questionnaire focusing on 13 species that are most 
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commonly consumed in our country. In addition, their 
clinical history could be compared to the sensitization 
pattern. Although symptoms to the 13 specific fish spe- 
cies were based on self-reported symptoms, allergy to at 
least one fish species was diagnosed and confirmed by a 
physician in all patients. A food challenge with other fish 
species however, could possibly have provided more ac- 
curate information. Another possible limitation of the 
study was the fact that SPT data were incomplete. 
Therefore, the value of the SPT could not be accurately 
assessed. 

In conclusion, fish allergy in the adult population stud- 
ied here was mostly severe in nature. Serological cross- 
reactivity occurred in most patients, but 41% tolerated at 
least one fish species. A well-taken history is essential in 
a subject that has been diagnosed with fish allergy since 
sIgE reactivity did not predict the pattern of allergy to 
different fish species. 
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